Decision making for value-based design in Value Management (VM) is very complicated due to the involvement of many parties. In such situation where the designer, project manager, facility manager and others are involved in choosing a single alternative from a set of solutions, a negotiation support is required to evaluate and rank the solution before engaging into negotiation. This paper presents a conceptual model of negotiation support for VM. It consists of developing the appropriate research approach, methodology of negotiation and agent-based negotiation in VM. The research objectives are to find a theoretical basis and research approach for negotiation support methodology on VM, to develop a decision model for technical solution options in a satisfying function/cost preferences, to investigate negotiation style and outcome and analyze the correlation between them for the basis of scenarios on the agent system, to develop a model for agreement options and coalition algorithms on value-based decision, to validate the coalition algorithms and introduce an initial model of Negotiation Support for Value Management (NSVM). A triangulation methodology has been used to fulfill the objectives. It combines simultaneous triangulation by using case studies and survey methods and sequential triangulation in which results of one method are essential in planning the next method (theoretical mapping, survey research, focus group, case study and conceptual modeling). The methodology is based on a theoretical approach which consists of value-based decision nature in construction VM, multicriteria group decision making, game theory, negotiation theory, and agent-based development. This methodology combines value analysis method using Function Analysis System Technique (FAST); Life Cycle Cost analysis, group decision analysis method based on Analytical Hierarchy Process (AHP), and Game theory-based agent system to develop a negotiation support. The negotiation support bridges theoretical gap between automated design in construction domain and automated negotiation in information technology domain by providing a structured methodology which can lead to systematic support system and automated negotiation for VM process. It will contribute to the Value Management body of knowledge as an advanced method for creativity and analysis phase, since the practice of this knowledge is teamwork based.
Background and Motivation
Different project participants and often geographically distributed (Sense, 2008; Ng et al., 2005; Evaristo et al., 2004; Nidiffer & Dolan, 2005) , need to cooperate and collaborate to perform various construction activities. Howard et al. (1989) and Ghanbari (2006) notes that construction projects are characterized by their complexity, which provides the basis for fragmentation in the AEC/FM (architecture, engineering, construction, and facility management). In the context of decision making, the decision criteria of the many stakeholders keep increasing in terms of both number and complexity (Kumaraswamy, 2004) . A better understanding of collaborative engineering principles will lead to more effective design and use of complex systems composed of people, corporate knowledge, engineering processes, and automation technology (Parker, 2000; Huang et al., 2006) .
One of the collaborative activities in construction practices is Value Management (VM) as collaborative design which is an activity in which multiple stakeholders are involved as it requires multiple bodies of knowledge (Woodhead, 2007) . VM is multidisciplinary, seeking to maximize the creative potential of all departmental and project participants working together. Venkataraman and Pinto (2008) wrote that the key to effective VM is to involve all appropriate stakeholders in a process of structured team thinking, so that the needs of the main parties can be accommodated wherever possible. The involvement depends on the level and stage of the VM process. The cross-functional framework of VM ensures that there is improved communication, teamwork, and a shared understanding among the key participants. VM becomes an approach that enhances the communication of a common understanding between team members as to project's fundamentals. In the natural characteristic of construction industry, it means that a tool for decision team is necessary. Hence, negotiation will be appropriate for decision process on VM.
Project Value Objectives and VM
The reasons that projects need VM come from many researchers and practitioner (Venkataraman & Pinto, 2008) . First, VM prevent the poor definition of a project goal that affects cost and time overruns. It is also prevent long-term user dissatisfaction by forcing organization to identify the need for, and scope of, any project at the earliest possible stage. Second VM attempts to eliminate elements that contribute to poor project value by developing an understanding of the VM processes in all project participants.
There are infinite varieties of definitions for the term "value" (Kaufman, 2001) . "Value" can be defined as a measure of how well the owner's objective are met and is typically documented as a set of project objectives. The owner's ability to understand, prioritize, and articulate project value objectives is critical to overall project success (Kerzner, 2003; Cha, 2003) . The right combination of project value objectives is the set of objectives that will provide an optimum value for the owner. Therefore, the concept of value in the context of a capital project should be established by the project owner to reflect unique business goals, project objectives, need, and desires (Leung et al., 2002) .
In this paper, these processes are referred to as Value-based Design Decision (VDD) in VM. VDD is an organized effort directed in VM techniques to analyze the functions of systems, equipment, facilities, services, and supplies for achieving the essential function at the lowest life cycle cost consistent with the required performance, reliability, quality and safety (Kelly et al., 2004; Kaufman, 2001) . This is inline with the statements made by Shen and Liu (2004) which stated VM in construction is increasingly seen as the term to describe the total process of enhancing a project value from concept to operation. Li et al. (2004) reported that, both analytical modeling and simulation methods in performance evaluation made a significant progress over the past few years. Further they argue that "whilst cost is an important consideration, it is only one of the parameters influencing the decision process, and therefore, cannot be considered in isolation". Currently, there is no single individual or set of VM that ensure the best value of a project in all situations. In addition, the vast majority of available VM are impractical to implement on a single project (Lenzer, 2001; Kaufman & McCuish, 2002) . Thus, VM should be selected based on the needs of an individual project or a set of circumstances. Factors such as uniqueness, size, complexity, resource ability, and location can make dramatic difference in the appropriateness and effectiveness of any individual VM.
The Requirements of Negotiation Support for VM
VM is a structured and analytical process that seeks to achieve value by identifying all necessary functions at the lowest cost, while maintaining with the required levels of quality and performance (SAVE International, 2001 ). It also means that VM identifies and eliminates unnecessary cost based on function analysis (Mukhopadhyaya, 2003; Younker, 2003) . Unnecessary cost is cost with contributed nothing to quality, use, life cycle appearance or desired customer feature. It is nature on design process.
VM has been widely adopted in many countries over several decades as a very effective tool to meet the increasing demands for value enhancement by clients (Dell'Isola, 1982; Kirk & Spreckelmeyer, 1988; Basha & Gab-Allah, 1991; Barton, 2000; Liu, 2003; Jaapar et al., 2009; Cheah & Ting, 2005; Wan, 2006 , Lin & Shen, 2007 . Value-based decision is an effort of VM process. It improves the value of a facility through identifying opportunities to remove unnecessary costs.
VM is seen as a process that involved multi disciplines and teamwork effort, hence, negotiation becomes an important role in the value-based decision process of a component or an element or a building system. A support system is required for negotiation in value-based decision on VM process. It can start from a function analysis system technique (FAST) to get the attributes of the function. The attributes will become the criteria in the decision making process. A pair-wise comparison can be used as a method in the decision process since each stakeholder or decision maker has his/her own preference. VM process will be facilitated by the implementation of an agent system and it will help to reduce cost and to improve value of building system decision in construction projects. It will also bridge the gap between automated design which were identified earlier by Anumba, et al. (2002) , Kim & Russel (2003) , Halfawy (1998) , Khedro (1994) , Ugwu et al. (1999) on the construction domain in relation to automated negotiation (Matsatsinis & Delias, 2003; Morge & Beaune, 2004; Wanyama, 2006; Wanyama & Far, 2007; Vo & Padgham, 2007) in Information Technology (IT) domain. This significance of the framework is illustrated in Figure 1 .
Many researchers suggested applying Game Theory in automated negotiation (Binmore & Vulkan, 1999) . However, the negotiation support model for VM processes has not been developed. The characteristic of value criteria cannot be applied to previous research. Existing models that are commonly accepted are optimization-based models, for example aggregation methods, but these are not able to solve the problem of value criteria on VM. This concept of negotiation support applies the satisfying game method where function and cost of solution techniques for a building system as value criteria can be formulated on coalition algorithms.
The Need of Agent-based Negotiation for VM
An agent system (Bond & Gasser, 1988 ) provides a decentralized approach to modeling the fragmented construction engineering and management problems. Such fragmented problems, though widely recognized, are difficult to be solved using other approaches. Ugwu et al. (1999) writes that the idea of incorporating agent system into the construction industry provides a novel approach in tackling distributed problems. The solution from agent system will lead to better quality, more economical, safer and more optimal solutions (Ugwu et al., 1999) . The additional problems posed by the use of heterogeneous software tools are well known and need to be overcome by the adoption of new approaches, such as the use of Intelligent Agent (IA). IA consists of self-contained knowledge based (k-b) systems that are able to tackle specialist problems and can interact with one another (and/or with humans) within a collaborative framework (Anumba et al., 2005) .
In a system composed of multiple autonomous agents, negotiation is a key form of interaction that enables groups of agents to arrive at a mutual agreement regarding belief, goal or plan (Beer et al., 1999; Ren & Anumba, 2004) . Particularly, because agents are autonomous and in many cases, are self-motivated, they must influence and convince others to proceed in certain ways. Negotiation is used more specifically for conflict resolution (Pena-Mora & Wang, 1998), task allocation, resource allocation, and decision making (Hamel et al., 2005) . The potential benefits of agent negotiation include saving time and money, efficiency for computation intense negotiations in search for optimal results, and the ability to incorporate multiple negotiation strategies for changing environments (Anumba et al., 2005) . Bogg et al. (2008) notes why interest in agent system is increasing. It is because of its ability to provide robustness and efficiency, to allow extending legacy systems and to solve problems in which data, expertise or control are distributed. Even though research in the application of agent-based negotiation in construction industry has been extensive, none of them has focused on multi-criteria agent-based negotiation.
The aim of this paper is to define a concept of negotiation support model for multi-criteria group decision making in the process of VM applications in sustainable construction. The significance of achieving the objectives and its contributions are to provide an approach for a better decision-making which will improve the value of construction projects and to provide a framework for facilitate of automated negotiation in a collaborative negotiation between all parties in a value-based design decision. The negotiation support system concept will bridge the theoretical gap between automated design and automated negotiation, It is also contributes to the body of knowledge in the decision-making science domain by initiating an advanced tool for negotiation by providing an advanced method in phase of creativity and analysis in VM process since the practice of VM knowledge is teamwork-based.
The methodology for the negotiation support system on VM is developed based on the concept. It can assist VM to conduct negotiation process in its practices. It means that this methodology contributes to VM body of knowledge by adding a negotiation process to the practice of VM. The results from its application on building system selection on VM also contributes to the group decision and negotiation process of the American Society for Testing and Materials (ASTM) Standard, Book of Building Economics (ASTM, 2004) .
The coalition algorithms developed in this research can be used for any development research on group decision and negotiation in VM within the construction industry. Negotiation support model arising from this research gives contribution for a better application of multi-discipline and teamwork on VM practice. As the area of the research covers the domain of VM, construction, operation research and Artificial Intelligence (AI), the support model also contributes to the development of research on these areas.
Theoretical Basis
Based on the literature review of previous research works, a theoretical mapping can be developed to show the position of the present research in the domain of knowledge. On the first level, there are four domains of science and knowledge namely value management, decision science, and negotiation theory and agent system. The second level consists of three research domains based on the intersection of each of the knowledge on the first level. The research domains are: first, value based decision which comes from the application of decision science on VA, VE, VM; second, group decision and negotiation from decision theory and negotiation theory; and third, automated negotiation. Many examples of research in the three areas have been reported. The third level consists of two research domains. One is combining value-based decision and group decision in the field of VA, VE, and VM, the other is combining agents and negotiation. Both research areas are in the context of multi-criteria environment. The research reported in this paper is derived from the intersection of the two knowledge domains of value based management and agent based negotiation.
This theoretical basis not only shows the position of the research on theoretical domain but also as the basis of for negotiation support on VM. This review has also become a basis for building the framework of negotiation support for VM. A clear theoretical mapping gives a better understanding of the significance of this research and area of contribution to the body of knowledge. The review on literature and previous research works also has identified a theoretical gap between automated negotiation and automated design, both of which have limitations. Automated negotiation is limited to determining preferences and technical solutions, where research in this area focuses on algorithm of automation of negotiation. On the other hand, automated design is limited to the application of traditional negotiation method on the strategic level of a design decision.
A comprehensive literature review has been conducted based on previous related studies in VM, group decision including game theory, and automated negotiation including agent-based negotiation and combination multi criteria and agent system. It reviewed comprehensive previous researches in computer tolls for VM, protocol negotiation on agent system and agent negotiation on construction industry. Based on the findings of the literature review, negotiation in VM is seen to be a complex and dynamic process in which all stakeholders aim to get the best solution for all. There are three schools of thoughts concerning negotiation on value based design decision. The first considers the teamwork process in VM; the second considers group decision theory; and the third considers automated negotiation theory.
A theoretical mapping, which becomes the theoretical basis for this research has also been developed from the literature review. The theoretical gap between automated negotiation and automated design provides the opportunity for research to be undertaken. Furthermore, the review also reveals that there has not been any work in negotiation support for group decision in VM, which has been one of the motivations for this research. Based on the theoretical basis, a methodology for developing of NSVM was built.
Methodological Approach, Ontological, and Epistemological Issues
There are two types of research strategies namely 'quantitative research' and 'qualitative research'. The first research uses numbers and statistical methods, and the second research focus and involves an interpretive, naturalistic approach to its subject matter. The former is based on numerical measurements of specific aspects of phenomena. Abstracting from particular instances to seek general descriptions or to test causal hypotheses, it seeks measurements and analyses that are easily replicable by other researcher (King et al., 1994) . The latter involves the use and collection of a variety of empirical materials -case study, personal experience, introspective, life story, interview, observational, historical, interactional, and visual texts -that describe routine and problematic moments and meanings in people's lives (Denzin & Lincoln, 1994) . Morgan and Smircich (1980) argued that the choice of research instrument also depends on critical skills of applied philosophical awareness rather than methods-level decision-making. The choice and adequacy of a method embodies a variety of assumptions regarding the nature of knowledge and the methods through which that knowledge can be obtained, as well as a set of root assumptions about the nature of the phenomena to be investigated. All approaches to science are based on interrelated sets of assumptions regarding ontology, human nature and epistemology (Burrell & Morgan, 1979) . There is a relationship between ontology, epistemology and methodology.
Ontology has been described as 'a theory which claims to describe what the world is like -in a fundamental, foundational sense -for authentic knowledge of it to be possible (Barnes & Gregory, 1997), or in the simple word of Gruber (1993) is a specification of a conceptualization. It can be understood as assumptions about the nature of reality (Philimore & Goodson, 2004) .
Epistemology in its general form is a study of knowledge through which 'rules' can be established to identify what is to be counted as 'true' (Barnes & Gregory, 1997) . Epistemology is the study of method for acquiring knowledge. It encompasses the nature of concepts, the formulation of concepts, the validity of the senses, logical reasoning, as well as thoughts, ideas, memories, emotions, and all things mental. It is concerned whether these relationships are valid (Landauer & Rowlands, 2006) . The epistemology focuses on analyzing the specific processes through which reality is created.
Researchers should be flexible and therefore they are recommended to select a variety of methods rated appropriate to the research problem under investigations (Burgess, 1984) . Modern-day scientific approach is inductive and deductive, as well as objective and subjective. Design validity is more likely to be built into the research study when the researcher is open to both paradigms than when one or the other is precluded. In this research, quantitative approaches used include questionnaire survey while qualitative approaches adopted include focus group and case study; the two approaches were used to complement each other.
Fellow and Liu (2008) wrote that triangulation in construction research is the use of two or more research methods to investigate something. They gave samples which are experiments and interviews in a case study project. Six years before, Love et al. (2002) proposed and introduced triangulation in construction management research. Their suggestion is to answer debate in the construction management (CM) research literature as to which research methodology is the most appropriate for CM research problems. They argued that post modernity and multi-level research can extend the scope of CM theory. Many researchers suggest that triangulation is a research technique which employs both quantitative (validation) and qualitative (inquiry) studies. From this point, Thurmond (2001) gives detailed definition. By referring to Denzin (1970) and Kimchi et al. (1991) , Thurmond explained that Triangulation is the combination of two or more data sources, investigators, methodological approaches, theoretical perspectives, or analytical methods within the same study. These combinations result in data triangulation, investigator triangulation, methodological triangulation, theoretical triangulation or analytical triangulation. Dainty (2008) put "triangulation" in the classification of multi-strategy research in Methodological Pluralism. Consisting of "complementary" and "facilitation", "triangulation" refers to the use of qualitative research to corroborate quantitative research, whereas the complementary refers to "is where one research strategy is employed in order to aid research using another approach" while facilitation refers to "is where two strategies are employed in order to dovetail different aspects of an investigation".
Further, Jacobsen (2004) defines the term 'combination in Triangulation' into two kinds which are Simultaneous Triangulation by the use of both qualitative and quantitative methods at the same time and Sequential Triangulation in which the results of one method are essential for planning the next method. This approach involves using more than one research method and data collection technique, because each addresses a different dimension of the problem in developing the NSVM. Two kinds of Triangulation by Jacobsen (2004) were applied. By Simultaneous Triangulation, five methods give result to develop the NSVM model (Tabel 1). Literature review and mapping theory give a theoretical basis and build the methodological approach for NSVM model. Qualitative research is conducted through Focus Group and Case Study methods. Both methods generated satisfying options for value-based decision. A generic decision model for the foundation of the NSVM model was built. Quantitative research is conducted through Survey and Conceptual Modeling. The result from the survey is a mathematical model of correlation between negotiation styles and negotiation outcomes among managers in the construction industry in Malaysia and Indonesia. Conceptual modeling reveals a basis of algorithm for NSVM.
By Sequential Triangulation, the result of literature review is used for research approach. The research approach is the basis for Focus Group and all of seven case studies in the next stage. The data on the function and life cycle cost of technical solution for building system which was obtained from the Focus Group research were applied to these case studies. These data are also applied for Conceptual Modeling. The result from the survey conducted is used to the algorithms on Conceptual Modeling. The process to fulfill these objectives also follows the simultaneous and sequential Triangulation.
Conclusion
Through a comprehensive literature review, the research demonstrates a theoretical mapping as a basis for NSVM. Based on the theoretical mapping, a framework of methodology for NSVM has been developed for the study. The methodology involves the concept of value-based decision in VM within a construction project, group choice in multi-criteria decision making, and coalition formation in Game Theory. This methodology combines value analysis method, decision method and agent-based negotiation. The methodology represents the knowledge and process of group decision making and negotiation in VM process. The literature review and the development of the theoretical foundation revealed that coalition formation in Game Theory is useful to address the negotiation support model. Generally, it is important that research continues in the area of VM, operation research and agent-based technology. There is an urgent need for a greater recognition of the validity and importance of naturalistic inquiry within the building economics and construction management research community. Whilst this research has developed the theoretical and philosophical basis of negotiation support for VM, there is considerable amount of work which remains to be done within the wider domains of building economics, construction management, operation research and agent-based negotiation and technology. Within the specific field of VM, there is need for further research into the possible application of other methodologies of group decision support and negotiation support. In the domain of operation research, there are a lot of opportunities for mathematical proof research for optimization and satisfying decision in cooperative and incomplete information environments. A mathematical proof research for an unlimited multi-person decision maker in a project involving a whole community as in many infrastructure projects today will be an interesting research since VM becomes a wider application in many fields as the construction of infrastructure projects becomes more complex.
Future research in the field of agent-based negotiation and management will have a huge benefit from the development of a user-friendly software which uses a GUI (graphical user interface), but it will surely consume a lot of time and money for research. In future, the combination of many technologies such as Virtual Reality (VR) will help human and its agent to communicate, discuss and make decision for any type or stages of building system design with two main important preferences that are function and cost. As to further illustrate, a final building design decision can be made by an agent from all the project participants in a virtual reality environment simultaneously while being in a different geographical area. This research provides basic and conceptual algorithms to bridge automated design decision, and automated negotiation by applying a systematical design method in construction, that is, VM. 
